Workplace Air: Akito Takeuchi, et al. Osaka Occupational Health Service Center, Japan Industrial Safety and Health Association-Objectives: The purpose of this research was to develop a determination method for xylidines (XLDs) in workplace air for risk assessment. Methods: The characteristics of the proposed method, such as recovery, detection limit, reproducibility, and storage stability of the samples were examined. Results: An air sampler cassette containing two sulfuric acid-treated glass fiber filters was chosen as the sampler. The XLDs were extracted from the sampler filters, derivatized with heptafluorobutyric anhydride, and then analyzed by a gas chromatograph equipped with a mass spectrometer. The average recoveries of XLDs from the spiked sampler were 83-101% for personal exposure monitoring. The recovery after 5 days of storage in a refrigerator exceeded 90%. The overall limit of quantitation (LOQ) was 0.600 µg/ sample. The relative standard deviation, which represents the overall reproducibility defined as precision, was 0.8-10.3%. Conclusions: The proposed method enables 4-hour personal exposure monitoring of XLDs at concentrations equaling 0.001-2 times the threshold limit value-time-weighted average
Xylidine (XLD) has mixed isomers. It was listed as one of the target chemicals in a project on workplace risk assessment carried out by the Ministry of Health, Labour and Welfare (MHLW) of Japan in 2009 1) because 2,6-XLD has been classified as a Group 2B (possibly carcinogenic to humans) compound by the International Agency for Research on Cancer (IARC) 2) and the Japan Society for Occupational Health 3) , and the American Conference of Governmental Industrial Hygienists (ACGIH) has listed XLD mixed isomers as Group A3 (confirmed animal carcinogen with unknown relevance to humans) 4) . XLD exists in six isomeric forms. The occupational exposure limit for XLD has been proposed by several countries 2) , and the lowest value, 0.5 ppm (mixed isomers, threshold limit value-time-weighted average (TLV-TWA)), was proposed by the ACGIH 4) . A determination method for 2,4-XLD in workplace air has been reported 5) . However, to our knowledge, there is no method for simultaneous determination of XLD isomers in workplace air. In this paper, we report on the development and validation of a method for the simultaneous determination of XLD isomers in workplace air based on OSHA method No. 73 for o, m, p-toluidine 6, 7) .
Materials and Methods
Materials 2,4-, 2,5-, 2,6-, 3,4-, and 3,5-XLD were purchased from Wako Pure Chemical Industries, Ltd. (Osaka, Japan), and 2,3-XLD was purchased from Tokyo Kasei Kogyo (Tokyo, Japan). All other reagents were analytical grade or better. Air sampler cassettes, containing two sulfuric acid-treated glass fiber filters (Catalog No. 225-9004), were purchased from SKC Inc. (Eighty Four, PA, USA). Sampling was performed by introducing air into the sampler using an SKC Air Check 2000 (SKC Inc., Eighty Four, PA, USA).
Instruments
The determination of XLD was carried out using a 7890A gas chromatograph equipped with a 5975C inert XL mass spectrometer (GC-MS, Agilent Technologies, Palo Alto, CA, USA). The column was a 30 m × 0.25 mm ID InertCap 1MS capillary column with 0.25-µm film thickness (GL Sciences Inc., Tokyo, Japan). Helium was used as the carrier gas at a flow rate of 1.0 ml/min. The temperatures of the injection port and the transfer line were set at 250 and 280°C, respectively. The oven temperature was set at 60°C for 1 min and then increased to 200°C at a rate of 10°C/min. Samples (1 µl) were injected in pulsed split mode (split ratio: 10:1, pulse pressure: 25 psi, pulse time: 1 min). The mass spectrometer was operated in the electron impact (EI) mode at an electron energy of 70 eV. The ion source and quadrupole analyzer were maintained at 230 and 150°C, respectively.
Sample preparation
After sampling, the sample filter was placed in a glass test tube. Toluene (2 ml) containing 2-ethylaniline (EA, 9.51 µg/ml), used as an internal standard, and 0.17 M NaOH (3 ml) were added to the tube, which was shaken for 10 min, and then the sample was centrifuged at 3,000 rpm for 10 min. A 25-µl aliquot of the toluene layer of the sample was transferred to a glass test tube containing fresh toluene (2 ml). Heptafluorobutyric anhydride (HFBA, 25 µl) was added to the tube, which was vortexmixed for 10 s, and then allowed to stand for 5 min at room temperature. A phosphate buffer (pH 7, 1 ml) was added to the tube, which was vortex-mixed for 1 min; then, the mixture was centrifuged at 3,000 rpm for 10 min. An aliquot of 1 µl of the toluene layer was injected into the GC-MS.
Preparation of spiked samplers for retention efficiency and storage stability tests
Between 20-60 µl of XLDs mixed standard solution diluted with 3.25 M H 2 SO 4 solution was spiked onto the front filter of a sampler. Simultaneously, room air (temperature: 20-21°C, relative humidity: 22-37%) was introduced into the sampler at a flow rate of 1 l/min for 240 min.
For the retention efficiency test, the spiked amounts were equivalent to approximately 0.001-2 times the TLV-TWA for each XLD isomer, and those at 2 times the TLV-TWA were 1,160, 1,110, 1,110, 1,140, 1,190 , and 1,180 µg for 2,6-, 2,5-, 2,4-, 3,5-, 2,3-, and 3,4-XLD, respectively. For storage stability tests, three different amounts (equivalent to approximately 0.001, 0.01 and 1 times the TLV-TWA of each XLD) were spiked onto the filter. Air was drawn through the spiked samplers, and they were then sealed and stored in a refrigerator (4°C) for 5 days.
Results and Discussion

Derivatization conditions and GC-MS analysis
The derivatization of XLDs with HFBA was successful under the derivatization conditions for toluidine isomers described in our previous report 7) and the reaction was completed within 5 min at room temperature. Figure 1 shows the SIM chromatogram of XLDs in a mixed standard solution. The EI mass spectra, structure an d p o s tu lated f r ag men tatio n p atter n o f th e heptafluorobutyryl (HFB) derivative of 2,4-XLD are also given as an example. The spectra of XLD-HFB and EA-HFB were characterized by the molecular ions [M] + at m/z 317 and base peak of [M-
+ at m/z 148. Therefore, the ions of m/z 317 and 148 were selected as quantifier ion and qualifier ion, respectively, for XLD-HFB and EA-HFB. Between 20-60 µl of xylidines (XLDs) mixed standard solution diluted with 3.25 M H 2 SO 4 solution was spiked onto the front filter of a sampler. Simultaneously, room air was introduced into the sampler at a flow rate of 1 l/min for 240 min. The spiked amounts were equivalent to approximately 0.001-2 times the TLV-TWA for each XLD isomer. a Values are expressed as means ± SD (n=5).
b Relative standard deviation.
Retention efficiency of the acid-treated filter
The sampling capacity (namely, breakthrough volume) required for the MHLW exposure survey was 240 l (1 l/ min, 240 min), and this was evaluated based on the results of the recovery test. No XLDs were detected on the back filter of any of the spiked samplers. Therefore, the acidtreated filter is suitable as a sampler for the MHLW exposure survey of XLDs. The overall recoveries of XLDs from spiked samplers were found to be in the ranges of 83-100%, 86-101%, 85-99%, 92-99%, 94-100% and 84-99% for 2,6-, 2,5-, 2,4-, 3,5-, 2,3-, and 3,4-XLD, respectively (Table 1) . We consider these results to be satisfactory.
Storage stability of samples
Storage stability was evaluated by comparing the amount of XLDs remaining in a storage sample with the amount of XLDs in the samples analyzed immediately after preparation. After 5 days of storage, the recoveries from all the spiked samplers exceeded 90%, indicating that XLDs on an acid-treated filter can be stored for at least 5 days in a refrigerator.
Limit of detection and reproducibility
The calibration curves exhibited linearity in the ranges of 0.121-582 µg/ml, 0.116-557 µg/ml, 0.116-557 µg/ml, 0.119-571 µg/ml, 0.124-594 µg/ml, and 0.123-590 µg/ ml for 2,6-, 2,5-, 2,4-, 3,5-, 2,3-, and 3,4-XLD, respectively, with correlation coefficients of 0.999. From the calibration curve, the instrumental limit of detection (LOD) and limit of quantitation (LOQ) for all XLD isomers were 0.016-0.044 and 0.053-0.147 µg/sample defined as 3 and 10 times the standard deviation (n=5), respectively, of the peak area ratio of the lowest standard. From the results of the recovery test, the overall LOQ was found to be 0.600 µg/sample. This value was the smallest amount of XLDs spiked on a sampler filter that resulted in a recovery of more than 80% for all XLD isomers. Therefore, the measurable air concentration range of the proposed method is from 0.5 to 1,000 ppb in a 4-hour sampling period. The relative standard deviation (RSD) of the overall reproducibility of the proposed method, including sampling and analysis, for all XLD isomers was 0.8-10.3% (Table 1 ). This range of RSD values indicates that the proposed method has good reproducibility.
Conclusions
The proposed method enables 4-hour personal exposure monitoring of XLDs at concentrations equaling 0.001-2 times the ACGIH TLV-TWA, and will be useful for estimating worker exposures to XLDs. Because the maximum sampling time is 4 h, two samplers are required for 8-hour personal exposure monitoring.
